This work presents experimental and model results from a new configuration of a cooled wall reactor working with two outlets: an upper outlet through which a salt-free hot effluent (500 -600 • C) is obtained and a lower outlet through which an effluent at subcritical temperature dissolving the precipitated salts is obtained. Different flow distributions were tested in order to find the best elimination conditions. Total organic carbon removal over 99.99% was obtained at injection temperatures as low as room temperature, when the fraction of products leaving the reactor in the upper effluent is lower than 70% of the feed flow. The performance of the reactor was tested with the oxidation of a recalcitrant compound such as ammonia, using isopropyl alcohol as co-fuel.
pressure above the ignition conditions of methanol and being able to work with indicate that feeds with an energy content of 930 kJ/kg (roughly equivalent to an aqueous solution with 2% ww of hexane) can supply enough energy to A CFD model is also used to describe the behaviour of the reactor. Finally, a 116 purely theoretical energy recovery study of the process with the new reactor was 117 performed, including the possibility of direct expansion in hypothetical devices. The reactor consist of a pressure vessel made of AISI 316 stainless steel able to 125 stand a maximum pressure of 30 MPa and a maximum wall temperature of 400 126 • C, containing a reaction chamber made of Ni-alloy 625 where the temperature 127 be as high as 700 • C. Waste water feed and air are previously pressurized and 128 preheated with electrical resistances to the desired temperature before being 129 injected by the bottom of the reactor. The reagents are conducted to the top of cility with two outlets is shown in Figure 1 . More information about the facility 140 can be found elsewhere [6, 13] . Figure 2 shows a scheme of the reactor with the 141 different position of thermocouples inside the reaction chamber. The different 142 temperature profiles are referred at the position of these four thermocouples. 143 Each effluent (top and bottom flow) is measured with a rotameter in order to 144 know the distribution of the feed flow respect the two outlets. 146 The experiments analyzed in this research were performed using feeds pre-147 pared with isopropyl alcohol (IPA, 99% purity) and tap water without further 148 purification. For experiments made with ammonia it was used ammonia (25% 149 in mass). Synthetic waste containing salts were prepared using Na 2 SO 4 (purity 150 > 98%). 151 Previous to the beginning of the experiment the reactor must be preheated 152 electrically to 400 • C. The reaction is initiated by injected air and waste water 153 streams preheated electrically up to a temperature higher than 400 • C. A few 154 minutes after continuous injecting of IPA solution and air stream the hydrother- Total Organic Carbon (TOC) and Total Nitrogen (TN) analysis of the sam-168 ples were performed with a TOC 5050 SHIMADZU Total Organic Carbon Ana-169 lyzer which uses combustion and IR analysis. The detection limit is 1 ppm. Salt 170 concentration is measured using a conductimeter Basic 30 provided by Crison.
Materials and experimental procedure

171
For doing this, conductivities of solutions of known Na 2 SO 4 concentration are 172 measured obtaining a linear calibration line between conductivity and Na 2 SO 4 173 concentration. Nitrates and nitrites were characterized in the liquid effluent by 174 ionic chromatography with an IC PAK A column of Waters. The detection limit is 1 ppm. NH 3 and NO x at the gas effluent were analyzed with Dräger tubes detectors Lab Safety Supply CH29401 and CH31001. The NO x detection limits for these tubes ranged from 0.5 to 100 ppm and the NH 3 detection limits ranged 178 from 5 to 70 ppm (standard deviation for both tubes are between 10 and 15%). 
For simplicity of notation, in equations (2), (3) and the sequence of the document, F feed considers only the liquid flow feed. Once the TOC and TN are corrected, it can be calculated the removal efficiency for each effluent:
N-NH + 4 concentration in the effluent is obtained from the difference of TN and the concentration of nitric Nitrogen (N-NO 3 and N-NO 2 ). The fraction of Na 2 SO 4 recovered in the effluents is defined in eq. (6). 
Salt recovery top/bottom flow
= C N a2SO4,top/bottom · F top/bottom C N a2SO4,feed · F feed · 100 (6) Where C N
Influence of the cooling water 265
A study was performed trying to know the influence of the cooling water The following equations explain how the different parameters for the study were calculated. Firstly, the amount of energy released by the waste and fuel contained in the feed is calculated as shown in eq. (7).
kW injected at the feed = F feed C fuel ∆H c,fuel 3, 600
where ∆H c,fuel is the enthalpy of combustion for IPA (3,750 kJ/kg).
The energy consumed is due mainly to the pumping equipment (pumps and compressors). The fraction of energy consumed with respect of the energy contained in the feed is calculated as shown in eq. (8).
Consumption = kW
Consumed kW injected at the feed · 100 (8) The energy production is calculated using Peng-Robinson Equation of State with Boston-Mathias alpha function considering a turbine with an isentropic efficiency of 72 %. The fraction of energy produced with respect to the energy introduced in the feed is calculated as shown in eq. (9).
Relative production = kW produced kW injected at the feed · 100 (9) kW produced is the energy produced by direct expansion or steam expansion production.
From the production and consumption is obtained the percentage of the efficiency in energy production of the system of each reactor and kind of oxidant as shown in eq. (10). The most conventional method for electric generation is using the products 333 stream as heat source for a Rankine cycle. As a guidance of feasibility of the 334 process, it has been calculated the amount of steam which could be generated at 335 different conditions for three small turbines commercialized by Siemens (table   336 3).
337
Increasing the pressure of the power cycle, increases the specific work pro-338 duced by expanding the steam. However, the total amount of steam is reduced, 339 since the heat source is limited. That can be seen in figure 11 , that shows the 340 composite curves for the hot stream (reactor products) and three possibilities of 341 Given these results, the following sections assume that the characteristics 347 of the steam that can be produced from the heat contained in the effluent of 348 the reactor are those shown in table 4. The low pressure steam presented in As can be observed, producing electricity through Rankine cycles present only positive efficiencies (to be able to cover the energy consumption re-406 quired by the pumping equipment) when the system is using oxygen as 407 the oxidant. This is due to the much higher consumption of air compres-408 sors compared to liquid oxygen cryogenic pumps. Actually, the energy 409 required (defined in equation (8)) when using air and oxygen ascends to 410 28% and 0.2%, respectively. Influence of the kind of energy production system 428 Figure 18 shows the efficiency of the new reactor obtained by direct expansion of 429 the flow and steam production working with air and with oxygen. Different flow 430 distributions are assumed. As can be observed, the energy produced by direct 431 expansion of the flow from the reactor is bigger than the energy obtained by the 432 production of steam in a Rankine cycle that could be expanded afterwards.
433
Influence of the oxidant 434 Also from figure 18 the effect of using air or oxygen can be seen. It is observed 435 that when the top effluent is directly expanded in a turbine, working with air 436 would be a possible option if flow distribution is over 55% (top flow / feed flow).
437
In the case of the expansion with the steam produced in the Rankine cycle, the 438 consumption of the facility working with air as the oxidant is always higher than 439 the energy produced. In both cases, oxygen offers better theoretical results with 440 respect the energy production and energy pumping requirements. 441
Conclusions
442
We have presented a new cooled wall reactor design for supercritical wa-443 ter oxidation, capable of producing a high energy products stream with very 444 low content of salts. Total elimination of organics and nitrogen compounds is 445 achieved without needing of preheating the feed thanks to the hydrothermal 446 flame inside the reactor. Other important advantage of the new reactor is that 447 reaction and salt precipitation take place in one equipment.
448
Using IPA as fuel TOC removal was higher than 99.9% in both effluents 449 while the percentage of products leaving the reactor in the top effluent was 450 lower than 70%. Increasing top flow implies a reduction in elimination efficiency.
451
Feed concentration affects the temperature of the system, but has no apparent 452 influence over TOC elimination. The flow of cooling water must be the minimum 453 necessary to keep a liquid (subcritical) level inside the reactor. 
